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57 ABSTRACT 
A swash plate plunger type pump-motor comprises a 
casing, a rotatable cylinder block formed with cham 
bers, a plurality of plungers axially slideably received in 
the chambers, rotatable swash plate rotatably supported 
through a bearing within the casing, a plunger retainer 
adapted to prevent the plungers from disengaging from 
the swash plate, and a rotational shaft on which the 
cylinder block is fixedly mounted. The plunger retainer 
and the swash plate are connected with each other in 
such a manner that the front faces of the plunger head 
portions contact the swash plate and that the rear faces 
of the plunger head portions contact the plunger re 
tainer. The rotational axis of the swash plate is inclined 
at a predetermined angle with respect to the rotational 
axis of the rotational shaft. 

2 Claims, 4 Drawing Sheets 
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SWASH PLATE-TYPE PUMP-MOTOR 

FIELD OF THE INVENTION 

The present invention relates in general to hydraulic 
power transmission and in particular to a plunger pump 
or motor of the swash plate plunger type. 

SUMMARY OF THE INVENTION 

In accordance with the important aspect of the pres 
ent invention, there is provided an axial-cylinder type 
pump-motor comprising a casing formed with inlet and 
outlet ports, a rotatable cylinder block rotatably sup 
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ported within the casing and formed with a plurality of 15 
axially extending chambers, a plurality of plungers axi 
ally slideably received in the chambers and each formed 
with a plunger head portion having a front face, a rear 
face and an intermediate face between the front and rear 
faces, a rotatable swash plate rotatably supported 
through a bearing within the casing and having a rota 
tional axis, a plunger retainer adapted to prevent the 
plungers from disengaging from the swash plate, the 
plunger retainer and the swash plate being connected 
with each other in such a manner that the front faces of 
the plunger head portions contact the swash plate and 
that the rear faces of the plunger head portions contact 
the plunger retainer, and a rotational shaft having a 
rotational axis passing through the swash plate and 
through the plunger retainer, the cylinder block being 
fixedly mounted on the rotational shaft and the rota 
tional axis of the swash plate being inclined at a prede 
termined angle with respect to the rotational axis of the 
rotational shaft. 

DESCRIPTION OF THE PRIOR ART 

In aircraft, actuation of control surfaces, for example, 
ailerons, flaps, is performed by a hydraulic power con 
trol system 100 as shown in FIG. 7. The hydraulic sys 
tem 100 includes an electric motor 102 to which an 
input signal 101 is inputted, a hydraulic pump 104 con 
nected to the electric motor 102, and an actuator 106 for 
driving a flap 108. In the hydraulic system 100, high 
pressure oil is admitted from a high-pressure creating 
source 110 to the hydraulic pump 104, inlet and outlet 
ports 112 and 113 of the hydraulic pump 104 are di 
rectly connected to the actuator 106 without interposi 
tion of valve change-over means, and an output signal 
118 of the actuator 106 is fedback to the input signal 101 
of the electric motor 102 in order to control movement 
of a piston 120 of the actuator 106. As a swash plate 
plunger pump which is used in such a hydraulic power 
control system for aircraft, for instance, there is shown 
in Japanese Provisional Publication No. 48-12883, a 
hydraulic pump of the type wherein the piston shoe, to 
which the power input is connected, drives the axial 
pistons, and the spherical head portions of the axial 
pistons are retained in the spherical-shaped cavities 
formed in the piston shoe which slides along and on the 
fixed swash plate fixedly supported within the pump 
casing. As an swash plate plunger motor, there is shown 
in Japanese Laid-open Publication No. 49-92438 which 
is assigned to the assignee of the present invention, a 
hydraulic motor of the type wherein the rotatable 
swash plate, to which the power output is connected, is 
driven by the plungers, and the rotatable swash plate is 
rotatably supported through the thrust bearing on the 
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2 
fixed swash plate fixedly mounted within the motor 
casing. 
However, in the hydraulic pump disclosed by the 

former publication, it is required to forcibly lubricate 
the spherical head portions of the axial pistons, which 
are retained in the spherical-shaped cavities formed in 
the piston shoe, by admitting high-pressure oil in the 
spherical-shaped cavities in order to prevent wear on 
the sliding surfaces. In consequence, there is the draw 
back that leakage of oil increases and thus the hydraulic 
pump 104 incorporated in the hydraulic system as 
shown in FIG. 7 has to be rotated even during stop of 
the actuator 106 to compensate the oil leakage. In the 
hydraulic motor disclosed by the latter publication, 
although the aforementioned drawback in the former 
prior art rarely occurs, there is the drawback that the 
internal pressure of the casing causes the plungers in 
stroke of suction to move toward the opposite direction 
if it becomes high pressure. The suction and compres 
sion operation cannot therefore be accurately per 
formed as desired. 
Accordingly, the object of the present invention is to 

provide an improved swash plate plunger type pump 
motor which can eliminate and prevent the drawbacks 
inevitably inherent in the prior art axial-cylinder type 
pump-motor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The drawbacks of a prior art swash plate plunger 
type pump-motor and the features and advantages of an 
improved swash plate plunger type pump-motor ac 
cording to the present invention will be more clearly 
understood from a consideration of the following de 
tailed description taken in conjunction with the accom 
panying drawings in which: 
FIG. 1 is a longitudinal sectional view showing the 

swash plate plunger type pump-motor constructed in 
accordance with one embodiment of the present inven 
tion, 
FIG. 2 is a cross sectional view showing the relative 

positions assumed by plunger head portions of plungers 
and retainer pins shown in FIG. 1, 
FIG. 3 is a cross sectional view substantially taken 

along line Y1-Y1 indicated in FIG. 1, 
FIG. 4 is a cross sectional view substantially taken 

along line Y2-Y2 indicated in FIG. 1, 
FIG. 5 is a part-sectional view showing a retainer 

plate of another embodiment of the present invention, 
FIG. 6 is a cross sectional view, partly broken away, 

showing the relative positions assumed by plunger head 
portions of plungers and the retainer plate shown in 
FIG. 6, and 
FIG. 7 is a view showing a prior art swash plate 

plunger pump incorporated in a hydraulic power con 
trol system for actuation of a flap of aircraft. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to the accompanying drawings 
wherein like numerals have been used throughout the 
several views to designate the same or similar parts, 
there is shown in FIG. 1, a swash plate plunger type 
pump-motor 1 constructed in accordance with one em 
bodiment of the present invention. 

In FIG. 1, designated by reference numeral 3 is a 
cylindrical casing which is formed with a working oil 
chamber 5. The casing 3 is closed by an end cap 4. The 
casing 3 and the end cap 4 are held in axially assembled 
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relationship by suitable clamping means such, for exam 
ple, as clamping bolts 4a. A rotatable cylinder block 7 
has a rotational axis A passing therethrough and is 
freely rotatably supported at its opposite ends by means 
of bearings 9 and 11 within the working oil chamber 5 5 
of the casing 3. The cylinder block 7 is formed with a 
plurality of plunger chambers 13 which are arranged 
circumferentially equiangularly with respect to the 
rotational axis A thereof and axially extend parallel to 
the rotational axis A. A plurality of plungers 15 are each 10 
slideably received in the corresponding plunger cham 
ber 13 and axially slideable back and forth in parallel 
relationship to the rotational axis A of the cylinder 
block 7 to compress hydraulic working oil in the 
plunger chambers 13. In this embodiment, the plungers 
15 comprise seven plungers in order to equalize the 
pulsations in the output. One end of each of the plungers 
15 serves to compress the hydraulic working oil in each 
of the plunger chambers 13 to a predetermined value by 
reciprocating motion of each of the plungers 15. Each 
plunger 15 is formed at the other end thereof with a 
plunger head portion 17 larger in diameter than the one 
end thereof. A swash plate 19 of generally T-shaped 
cross sectional configuration is arranged at an angle of 
0 with respect to the rotational axis A of the cylinder 25 
block 7 and has a rotational axis B passing therethrough. 
The swash plate 19 comprises a circular swash plate 
portion 21 with front and rear faces 21a and 21b and a 
cylindrical portion 23 extending forwardly from the 
front face 21a. A radial bearing 25 is also arranged at an 30 
angle of 6 with respect to the rotational axis A of the 
cylinder block 7. The radial bearing 25 comprises an 
outer race 25a fixedly mounted on the inner surface of 
a cylindrical support member 26 nonrotatably mounted 
on the inner surface of the casing 3 through a key 26a, 35 
and a freely rotatable inner race 25b having the cylindri 
cal portion 23 of the swash plate 19 received therein. 
The outer race 25a and the inner race 25b are retained 
in position against axial movement by an annular stop 27 

is mounted in the cylindrical support member 26 and an 40 
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is annular stop 28 mounted in the cylindrical portion 23 of 
the swash plate 19, respectively. Thus, the swash plate 
19 is freely rotatable about the rotational axis B thereof 
through the radial bearing 25 with respect to the casing 
3. 45 
The aforementioned plunger head portion 17 of each 

of the plungers 15 has a front face 17a contacting the 
rear face 21b of the swash plate portion 21 and a rear 
face 17b contacting a front face 31a of a plunger retainer 
29, to be hereinafter described. The front and rear faces 
17a and 17b of the plunger head portion 17 are consti 
tuted by conical surfaces each having an angle substan 
tially equal to the angle of inclination 6 of the swash 
plate 19. The plunger head portion 17 further has an 
intermediate face 17c between the front and rear faces 
17a and 17b which is constituted by a part of a spherical 
surface. An intersection point 0 of the rotational axis A 
of the cylinder block 7 and the rotational axis B of the 
swash plate 19 is located on a plane Con which center 
axes of the spherical surfaces forming the intermediate 
face 17c of the plunger head portions 17 are located. 
The above-noted plunger retainer 29 is of generally 
T-shaped cross sectional configuration and also ar 
ranged at an angle of 6 with respect to the rotational 
axis A of the cylinder block 7. The generally T-shaped 
plunger retainer 29 comprises a circular flange portion 
31 with the above-noted front face 31a contacted by the 
rear face 17b of the plunger head portion 17 of the 
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4. 
plunger 15, and a cylindrical portion 33 extending for 
wardly from the front face 31a. The flange portion 31 of 
the plunger retainer 29 is formed with a plurality of 
bores 35 through which the plunger head portions 17 
extend. The cylindrical portion 23 of the swash plate 19 
and the cylindrical portion 33 of the plunger retainer 29 
are connected together by a plurality of suitable fasten 
ing pins 37 in such a manner that the conical surfaces of 
the front and rear faces 17a and 17b of the plunger head 
portion 17 of each of the plunger 15, the rear face 21b of 
the swash plate 19, and the front face 31a of the plunger 
retainer 29 are held in line contact relationship with one 
another. Thus, the plunger retainer 29 effectively pre 
vents the plunger head portions 17 of the plungers 15 
from disengaging from the swash plate 19. At the same 
time, the area of contact is minimized in order to pre 
vent sliding motion associated with friction. It should 
be noted that, although the plunger head portions 17, 
the swash plate 19 and the plunger retainer 29 are held 
in line contact relationship in the aforementioned em 
bodiment of the present invention, they may be held in 
point contact relationship to further effectively prevent 
the sliding motion. The swash plate portion 21 of the 
swash plate 19 and the flange portion 31 of the plunger 
retainer 29 are connected by a plurality of retainer pins 
39 which are located one between two adjacent plunger 
head portions 17 so that the retainer pins 39 and the 
intermediate faces of the adjacent plunger head portions 
17 are held in point contact relationship with one an 
other as shown in FIG. 2. 
The retainer pins 39 may be replaced with a unitary 

annular retainer plate 41 which is shown as a second 
embodiment of the present invention in FIGS. 5 and 6. 
The retainer plate 41 is formed with a plurality of 
curved surfaces 41a corresponding in number to and 
conforming in configuration to the intermediate faces 
17c of the plunger head portions 17. The retainer plate 
41 is received through its central opening on the cylin 
drical portion 33 of the plunger retainer 29. 
A rotational shaft 43 is freely rotatably supported 

through a bearing 45 received in a central bore formed 
in the end cap 4. The rotational shaft 43 axially extends 
through the swash plate 19 and the plunger retainer 29 
and terminates at an inner end 43a thereof, which is 
fixedly received in a central bore formed in the cylinder 
block 7 so that the cylinder block 7 is rotated by rota 
tion of the shaft 43. The shaft 43 serves as an output 
shaft of an electric motor when the swash plate plunger 
type pump-motor 1 according to the present invention 
is employed as a hydraulic pump, and serves as an input 
shaft of a generator or the like when the swash plate 
plunger type pump-motor 1 is employed as a hydraulic 
notor. 

The aforementioned casing 3 is formed with axial 
ports 47a and 47b which are communicated with actua 
tor means, for example, the actuator 106 as shown in 
FIG. 7. When one of the axial ports 47a and 47b is used 
as an inlet port, the other is used as an outlet port. The 
casing 3 is further formed with a radial port 49 which is 
communicated at its one end with the working oil 
chamber 5 and at its the other end with a high-pressure 
creating source (not shown). A distribution valve 51 is 
interposed between the cylinder block 7 and the casing 
3. The aforementioned cylinder block 7 is rotatable with 
respect to the distribution valve 51 through the afore 
mentioned bearing 11 fixedly mounted on the distribu 
tion valve 51 which is in turn fixedly received in an end 
bore 53 formed in the casing 3. The distribution valve 
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51 is formed at its one end with a first set of oil passage 
ways 51a and 51a (FIG. 4) which extend circumferen 
tially of the valve 51 and are communicated with the 
plunger chambers 13 through bores 13a formed in the 
cylinder block 7, and at its other end with a second set 
of oil passageways 51b and 51b which extend circumfer 
entially of the valve 51 and are communicated with the 
axial ports 47a and 47b. The first set of oil passageways 
51a and 51a is communicated with the second set of oil 
passageways 51b and 51b by a plurality of axially ex 
tending, connecting passageways 51c. The distribution 
valve 51 is further formed at its outer peripheral surface 
with annular grooves 51d and 51d (FIG. 3) in order to 
equalize the pulsations produced therein. The annular 
grooves 51d are communicated with the connecting 
passageways 51c through oblique passageways. 
The operation of the swash plate plunger type pump 

motor 1 according to the present invention will herein 
after be described. 

It is assumed that the swash plate plunger type pump 
motor 1 is employed as a hydraulic pump. As the output 
shaft 43 is driven to rotate about its own axis by an 
electric motor (not shown), the cylinder block 7 is ro 
tated together with the output shaft 43 and at the same 
time the swash plate 19 is rotated through the plungers 
15 about the rotational axis B thereof. The rotary mo 
tion of the swash plate 17 about the rotational axis B, 
which is arranged at an angle of 6 with respect to the 
rotational axis A of the cylinder block 7, causes the 
plungers 15 to reciprocate in the plunger chambers 13. 
This reciprocating motion of the plungers 15 permits 
fluid to be admitted in the plunger chambers 13 from 
one of the ports 47a and 47b through the distribution 
valve 51 and also permits high-pressure fluid to be dis 
charged from the plunger chambers 13 through the 
distribution valve 51 and through the other of the ports 
47a and 47b. During the reciprocating motion of the 
plungers 15, some of the plungers 15, which are commu 
nicated with the inlet port, are subjected to axial or 
tension force, which pushes them toward the cylinder 
block 17, due to negative pressure produced in the some 
of the plunger chambers 13 or high-pressure oil admit 
ted in the working oil chamber 5 through the radial port 
49. However, according to the present invention, the 
plungers 15 are prevented from disengaging from the 
swash plate 19 by the plunger retainer 29 and thus the 
pumping operation is performed as desired. At this time, 
the inner race 25b of the radial bearing 25 is also sub 
jected to the axial or tension force through the plungers 
15 communicated with the inlet port, plunger retainer 
29 and swash plate 19. However, since the radial bear 
ing 25 can take some thrust as well as considerable 
radial loading, floating phenomenon of the swash plate 
19 does not occur, so that the pumping operation is 
smoothly performed. As noted above, the plungers 15 
and the swash plate 19 rotate together through the 
plungers 15. Namely, they are relatively stationary in 
relation to each other during rotation. Further, during 
the rotation, there is only rolling motion among the 
opposite conical surfaces of the plunger head portion 17 
of the plunger 15, the swash plate 19 and the plunger 
retainer 29, without rolling motion associated with fric 
tion. In consequence, because wear which caused by 
the sliding motion does not occur, a forced or pressure 
lubrication is not necessary. Furthermore, the plunger 
head portions 17 of the plungers 15 are engaged by the 
retainer pins 39 or by the curved surfaces 41a of the 
retainer plate 41. The plunger head portions 17 and the 
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6 
swash plate 19 are therefore maintained in their correct 
relative positions without sliding motion associated 
with friction. Hence, even if the output shaft 43 is 
abruptly frequently rotated in opposite directions, the 
sliding motion does not occur between the plunger head 
portions 17 and the swash plate 19, thereby improving 
mechanical efficiency. 
From the foregoing description, it will be seen that, 

since the sliding motion associated with friction does 
not occur in the plunger head portion and swash plate, 
a forced lubrication is not necessary. Accordingly, the 
swash plate plunger type pump-motor according to the 
present invention need not to be rotated during stop of 
the actuator to compensate the oil leakage. Further, 
because the plunger head portions of the plungers are 
effectively prevented from disengaging from the swash 
plate by the plunger retainer, the plungers in stroke of 
suction is not caused to move in the opposite direction 
by the negative pressure acting on the plungers. Ac 
cordingly, in the present invention, the pumping and 
suction operation is accurately smoothly performed 
without being influenced by negative pressure or axial 
force having adverse and negative effect on the pump 
ing and suction operation. 

It should be noted that the foregoing description 
relates only to preferred embodiments of the present 
invention and that certain obvious modifications and 
alternations may be made without departing from the 
spirit and scope of the present invention. 
What is claimed is: 
1. A swash plate plunger pump-motor comprising, 
a casing formed with inlet and outlet ports, a rotat 

able cylinder block rotatably supported within said 
casing and formed with a plurality of axially ex 
tending chambers, 

a plurality of plungers axially slideably received in 
said chambers and each formed with a plunger 
head portion having a front face, a rear face and an 
intermediate face between said front and rear faces, 

a rotatable swash plate rotatably supported through a 
bearing within said casing and having a rotational 
aX1S, 

a plunger retainer adapted to prevent said plungers 
from disengaging from said swash plate, the 
plunger retainer and said swash plate being con 
nected with each other in such a manner that said 
front faces of said plunger head portions contact 
said swash plate and that said rear faces of said 
plunger head portions contact said plunger re 
tainer, and 

a rotational shaft having a rotational axis passing 
through said swash plate and through said plunger 
retainer, the cylinder block being fixedly mounted 
on said rotational shaft and the rotational axis of 
said swash plate being inclined at a predetermined 
angle with respect to said rotational axis of said 
rotational shaft, in which said intermediate face of 
said plunger head portion of each of said plungers 
is constituted by a part of a spherical surface, and in 
which said swash plate has mounted therein a plu 
rality of retainer pins which are located one be 
tween two adjacent plunger head portions in such 
a manner that said retainer pins and said intermedi 
ate faces of said adjacent plunger head portions are 
engaged in point contact relationship with one 
another. 

2. A swash plate plunger pump-motor comprises, 
a casing formed with inlet and outlet ports, 
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a rotatable cylinder block rotatably supported within 
said casing and formed with a plurality of axially 
extending chambers, 

a plurality of plungers axially slideably received in 
said chambers and each formed with a plunger 
head portion having a front face, a rear face and an 
intermediate face between said front and rear faces, 

a rotatable swash plate rotatably supported through a 
bearing within said casing and having a rotational 
aXS, 

a plunger retainer adapted to prevent said plungers 
from disengaging from said swash plate, the 
plunger retainer and said swash plate being con 
nected with each other in such a manner that said 
front faces of said plunger head portions contact 
said swash plate and that said rear faces of said 
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8 
plunger head portions contact said plunger re 
tainer, and 
rotational shaft having a rotational axis passing 
through said swash plate and through said plunger 
retainer, the cylinder block being fixedly mounted 
on said rotational shaft and the rotational axis of 
said swash plate being inclined at a predetermined 
angle with respect to said rotational axis of said 
rotational shaft, in which said intermediate face of 
said plunger head portion of each of said plungers 
is constituted by a part of a spherical surface, and in 
which said plunger retainer has received thereon 
an annular retainer plate which is formed with a 
plurality of curved surfaces corresponding in num 
ber to and conforming in configuration to said 
intermediate faces of said plunger head portions. 
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